Good Morning, |'m Bob Leheny, Director of the M crosystens Technol ogy
Ofice MIO.

This morning I'd like to provide an over view of MIO progranms, and
i ntroduce you to the program nmanagers who wi |l be di scussing sone of
our programs in greater detail.

To begin, 1'd like to discuss MIOs vision in the context of our four
princi pal technol ogy thrusts-

* el ectronics,
* phot oni cs,
* Mcro Electro Mechanical Systens, or MEMS

and what we view as the principal challenge, the integration of these
technol ogies to create revolutionary, chip-scale Mcrosystens.

Chi p-scale Mcrosystens with capabilities that can really nmake a
difference to the war fighter

Today, microsystens are pervasive across nmilitary platfornms and the
chall enge is to reduce their size, weight and power requirenents while
enhanci ng or creating new functionality.

M crosystens are key enablers for Operational Dom nance, insuring an
Asynmetric Advantage for our forces by creating an Environnent of
I nformation Superiority,

Information Superiority neans our forces are able to see further, wth
greater clarity, and with the ability to communicate critical
information in a tinmely manner.

The goal of achieving infornmation superiority translates directly to
Performance CGoals for Mcrosystens that include: having highly capable
sensors, having the ability to extract useful signals from background
clutter, systemnoise, and intentional janmi ng signals having the
ability to provide assured high perfornmance conmuni cations |inks and
having the ability to convert conplex "data" into actionable
"information" in near real tine,

Taken together, these capabilities create a superior Information
envi ronnent for "Decision making", an environment that enabl es our
forces to "TH NK'" and "REACT" faster than the eneny.

MIO s prograns drive information superiority by innovating new and
enhanced hardware capabilities.

Consi der the generic information system shown here as representative of
amlitary platform

| have in mind that such a platformcould be: *an individual wth

wear abl e sensors and conputers; *a manned or unnanned air or ground
vehicle, a conmplex AWAC or SIGNIT platform*a city-size vessel; or the
entire active theater of operation.



But, regardless of physical size, information generation and flow
within such a platformrelies on distinct subsystens for-

* sensi ng,

* processing,

* communi cati ng
* and acting.

Sensors, designed to obtain as accurate an anal og representati on of the
Battl e Space as possible.

A/ D converters, with the highest resolution and speed as possible to
digitize analog data for transfer to efficient, faster signa
processi ng nodul es to be transformed into actionable information.

The val ue of the data, and the information derived fromit, and the
decisions that follow, are only as good as the resources available to
carry out all of these functions.

Information flow within this network is essential to accurately
transl ate BATTLE SPACE reality into the virtual |IT environnent in which
deci si on-naki ng and action initiation occurs.

This collection of sensors, processors and comruni cation |links create a
conpl ex system

A system desi gned to operate under conditions sel dom encountered in
conmer ci al world applications.

And it is only through continued innovation in these enabling
technol ogi es that we can maintain information superiority for our
forces.

In di scussing challenges to advancing nicrosysteminnovation, | like to
refer to the flow of technology innovation illustrated here.

Experi ence shows that it often takes 15-20 years fromthe tine of a
scientific breakthrough until practical applications are realized.

During this period, advances are made continuously, across a w de range
of probl em areas.

And at each stage, a cornucopia of results is created, offering a
nmul titude of options for the next phase of devel opnent.

The chal lenge is to guide devel opment thought this maze of
opportunities to achi eve our objectives.

The DARPA challenge is to capture the best of this harvest of ideas
early to maintain technol ogy superiority.

Mappi ng specific program objectives onto this flow of technol ogy
i nnovation we identify prograns building on naterial and device physics
as creating Technol ogy Push



Technol ogy push that |eads, over 5-10 years, to new capabilities for
nm crosystem design or functionality.

For theses prograns our goal is to denonstrate inproved performance,
wi t hout focusing on how inproved performance will ultimately displace
exi sting approaches.

This is not to inply we're not guided by future applications, only that
del iverabl es are not necessarily nodules ready for field-testing today.

Where we can be nore confident of success, we have Application Pul
progr amns.

For these prograns our goals have a shorter time horizon. Here we seek
to devel op and denonstrate prototype nodul es that can denonstrate
sufficient functionality to engage systemresearchers interest.

In this case, deliverables are to be taken out of the laboratory and
i ncorporated into field tests.

Recently we have acconplished just such a transition. From MO s MEMS
programto DARPA's Special Projects Ofice.

Bui I di ng on MEMS-RF switch technol ogy devel oped wi t hin our MAFET-3
program SPO has initiated a Reconfigurable Antenna program exploiting
t he advant age MEMB devices offer for this application

Sim | ar exanples can be cited for all MIO progranms, Exanples are so
conmon that we've introduced a section into our regular Program Revi ews
with the Director that we call After-d ow

During this portion of the review, program mangers bring the Director
up to date on transitions that are continuing to occur after a
program s funding has ended and it is otherw se off MO s agenda.

Now | 'd like to spend a few m nutes high-1ighting sone najor program
directions and results.

We begin with mcroel ectronics.

M croel ectronics is a core technol ogy and DARPA has a long history of
investnments in this area.

Over the past thirty years a significant research driver for silicon
m croel ectroni cs has been More's Law,

Moore's Law conjectures the continued shrinking of critical chip
di nensi ons.

Progress supporting this conjecture has beconme so predictable that the
Sem conductor Industry Association (SIA) has devel oped an approach to
Road- Mappi ng the technol ogy chal |l enges for creating each successive
gener ati on.



And the materials and naterial processing research community has
successful ly nmaintained a steady stream of results supporting advances
al ong this roadnap.

G ven the predictability of this process, recent DARPA prograns have
| ooked for chall enges beyond this road nappi ng.

For exanple, only a few years ago nodeling predicted that scaling CMOS
bel ow 70nm woul d not be possi bl e.

But our Advanced M croel ectronics Program chall enged this prediction.

And this past year we have successfully denpbnstrated devices with
useful transistor characteristics and critical dinensions bel ow 20nm
an acconplishnment that will receive special recognition at this
conference.

Wth the industry only now gearing up for the 100nm generati on.
And with nmany problens still remining to be addressed.

Qur | andmark results provide neasurable mlestones assuring
significantly extension of the life of scal ed CMOS.

The real challenge nowis howto we take full advantage of the Systens-
on-a-Chip capabilities a trillion-transistor chip will nmake possible.

Havi ng achi eved 20 nmtransistors, our analysis indicates that we
really are approaching hard physical linits as quantum scale effects
begin to donmi nate performance of these otherw se classic MOXS devices.

However, the insights gained fromour prograns | eaves us confident that
alternative technologies will allow for extending operation to even
smal | er di mensions and the possibility of exploiting new physical
phenonenon.

To investigate these possibilities we are |aunching a group of prograns
expl oring the nano-scale domain that lies Beyond Scal ed Silicon CMOS.

These include- SVMALL BANDGAP, Antinony based VERY LOWPOANER I11]-V
ELECTRONI CS,

NANO- SCALE MEMS devi ces,

And jointly with DSO extension of our current MOLECULAR ELECTRONI CS
program

In addition, addressing what nay be the nobst chall engi ng endeavor; are
new initiatives in the Defense Science and |Information Technol ogy

O fices to devel op QUANTUM El ectroni c based conmuni cati on and si gnal
processi ng technol ogy.

DARPA bel i eves that achieving integration on this nano-scale wll
revol uti oni ze the way we process information within M crosystens.



And as significant as these results will be for traditiona
applications we expect they will really have major inpact on the
energing intersection of Bio:lnfo:Mcro technol ogies.

On another front, MIO prograns al so continue to drive breakthroughs for
very high speed, high frequency applications.

Achi evi ng record-breaki ng 100Gz performance for SiGe bipolar
transistors, a result that is enabling this silicon based technology to
begin to encroach on applications that previously were the sole donmin
of conpound sem conductor devices.

At the same time, progress in Il1-V based transistors continues wth
transfer of very high-speed manufacturabl e HBT technol ogi es from
university labs to industry.

A remaining challenge is to take advantage of this high-speed
performance in applications with significant integration levels, a
design challenge that we will begin to address in our new Antinony
Based Conpound Seni conductor and Neo- CAD prograns.

We take pride in the significant pay-offs that our past investnents in
RF applications for I11-V technol ogies are having in the booning
conmercial wireless world.

However, one negative inpact of this comrercialization trend has been
the mgration of sone very tal ented designers and capabl e fabrication
facilities away from DOD busi ness to the conmmercial sector

The Dot - Com phenonenon has hit home in the defense contractor
conmuni ty.

This is a major cause for concern, but is a topic for another venue.

Anot her MTO conti nui ng success story is our investnents in MEMS
Technol ogi es.

In 1992, there was little industry involvenent and virtually no MEMS
fabrication infrastructure anywhere in the world.

Today our significant investnents are yielding revolutionary
capabilities.

In addition to the widely recognized nilitary applications for MEMS in-

* inertial sensing,
* monitoring readiness of mssiles and projectiles
* fuze/safing and arm ng devi ces.,

there are the energing applications in RF MEMs conponents that |'ve

al ready nentioned, conponents that provide flexible, lowinsertion

| oss, chip-scale manipul ation of high frequency signals for antenna and
ot her signal processing applications.

And across a range of prograns we continue to explore future MEMS
applications including-



* MEMS enabl ed, chip-scale bio- m crosystens,
* MEMS based uncool ed high-resolution IR detector arrays,

* MEMS based agile optical beam steering and control for free space
| aser communi cati on and target designation

For these diverse applications MEMS devices are neeting new chal | enges-

* m xing conplex on-chip fluid and nechani cal conponents for chip-
scale, pico-liter chemi cal processing,

* achi eving high densities of very small boloneters with precision
t hermal managenent for efficient, sensitive uncooled IR sensor arrays

* and replacing bul ky ginbaled optics with precise, three-dinmensiona
| aser beam positi oni ng.

Significant remaining MEMS chal | enges incl ude extendi ng MEMS technol ogy
to nano- scal e di nensi ons and devel opi ng on-chi p power generation
conpati ble for extending the life of MEMS renote sensors,

These are topics that we are just beginning to explore.

Fi nally, our photonics prograns, which have been a mmjor source for
i nnovati ve technol ogi es, and which now are having significant inpact on
data conmunication in mlitary systens.

Begi nni ng a decade ago DARPA investnents hel ped create nultiwavel ength
technol ogi es for today's wave division multiplexed optical networks.

Joint MO I TO prograns in this area lead to the technol ogy base for
mul ti-gigabit Next CGeneration Internet applications.

Over the same period our investnments in Vertical Cavity Surface
Emitting Lasers (VCELS) lead to conmercialization of this unique
photoni cs technol ogy that today is delivering |laser performance in a
package that is nearly as inexpensive to nmanufacture as |ow cost Light
Emitting D odes.

We claimcredit for pioneering VCSEL technol ogy and identifying their
first applications in interconnections in data networks with Iinks
spanni ng tens of neters down to between racks.

For these applications VCSEL technol ogy is being transitioned to a
nunber of service prograns.

Qur current program focus is successfully integrating VCSEL's with
detectors and electronics to formlarge two- dinmensional "snart-pixel"
arrays and these formthe basis for very high capacity, neasured in
tera-bits per second, back-plane and on-board chip-to-chip

i nt erconnecti on.

Commercial interest in applying this technology to a wi de range of high
performance conputing applications is already building.



Future applications will mix these technologies with MEMS for hyper-
spectral sensing and conpact free space optical comunications
applications.

Wth five FY2000 new starts, Photonics represents a growth technol ogy
in MO

In the future we anticipate extending the networking versatility

af forded by Wave Division Miltiplexing (WDM, to seaml ess, and nore
i mportantly, signal fornmat independent routing of information on all
mlitary networks.

W believe that platformscale WOM networking will be one of the next
maj or technol ogy breakthroughs for the application of photonics to
mlitary information systens.

Now we' I | be hearing fromsix of the 13 MIO program nanagers; First,
Elias Towe, will discuss the photonics prograns that he, Dave Honey and
Ray Bal cerak are responsible for.

Christie Marian will review the mcroelectronics prograns that he and
Dan Radack nanage, including details for sonme of our Beyond Silicon
CMOS progr ans.

Bill Tang will review progress in MEMS technol ogy and i ntroduce his new
prograns in the MEMS area.

Abe Lee will follow with a discussion of his programon chip scale bio-
sensi ng and processing.

Anant ha Krishnan will discuss CAD for Mcrosystens applications and,
Edgar Martinez will rap-up with a discussion of the DOD applications
potential of the wi de bandgap semi conductor nmaterial Gallium N tride.

Wi le Elias makes his way to the podium I'd like to thank you for your
attention.

| look forward to the opportunity to discuss MIO s programs with you
over the next couple of days, and invite you all to visit out booth and
si debar sessions where you will have an opportunity to nmeet and di scuss
our progranms and your interests in greater detail.



